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ntervention without prediction of the consequences, with and without intervention, is difficult to justify. Clinical science is an attempt to improve prediction through increased accuracy, explicitness, and public examination.
In speech-language pathology, historical approaches to prediction fit two broad classes. The first can be termed the "within-organism" approach. The second is the "between-organisms" approach. The withinorganism approach is exemplified by diary, case, and single-subject studies. The between-organisms approach is exemplified by normative, growth curve, and factorial-based studies. Within-organism theories typically assume determinism and the principle of causation. Betweenorganisms approaches assume chance, indeterminacy, and the principles of probability.
A goal of the within-organism approach is a deterministic theory sufficiently explicit and complete that precise, conditional predictions are calculable. Such theories of phonological development and disorder have not been formulated. Moreover, there is no consensus regarding the constituents of such a theory.
The between-organisms approach has failed the test of accurate prediction. The current default standard for clinical decision making is the *Currently affiliated with Lamar University, Beaumont, TX. large-scale normative study (Hester, Godbold, Lee, & Stephens, 1984; . However, the normative estimates of phonological development have not had convergent results (Sander, 1972; Smit, 1986; Vihman, 1981; Winitz, 1969) . The lack of agreement between normative studies is a result of differences in approach and method (Smit, 1986; Vihman, 1981) . A fatal prediction problem with group studies is that individual data are necessarily obscured (Smit, 1986) .
Growth-curve analysis is an alternative to the crosssectional normative studies. Regression techniques have been used to characterize the suppression of a subset of phonological processes (Burchinal & Applebaum, 1991; Roberts, Burchinal, & Footo, 1990) . By using regression, proposed a quadratic function that characterized the development of PCC for the early-, middle-, and late-eight English consonants in both speech-delayed children and the children reported in Smit, Hand, Freilinger, Bernthal, and Bird (1990) . A literal delay hypothesis was supported because PCC scores for speech-delayed and normal children were shown to assume a function of the same shape that differed only in age of origin.
Criterion-based learning curves may be irrelevant for the study of learning because the form of group learning functions are composed of the forms of individual curves and their parameters (Hayes, 1953) . Identical group learning curves can result from a multitude of very different individual learning functions. Group curves can easily misrepresent the level of individual acquisition, especially prior to stabilization in individual learning (Estes, 1956) . Group acquisition curves can seriously misrepresent the basic pattern of acquisition. A variety of theoretical outcomes demonstrates that the shape of a group curve can be both reliable and rational, yet be completely different in form from every component individual curve. Individual learning curves can summate to resemble a power function; individual convex curves can summate to a concave group curve, and so forth (Baloff & Becker, 1967) .
Prediction Revisited
No procedure that sums across individual scores can recover individual component scores. A false assumption is often made that all individual scores have the same distribution as derived group scores. This identity of distributions assumption is needed to provide a homogenized facsimile of the richer score mixture that was lost by addition in statistics that sum across individual scores. Thus, such statistics cannot predict scores for individuals. Even identical scores that come from different distributions cannot be assumed to share the same interpretation.
Five Answerable Prediction Questions
Survival analysis is an alternative predictive analytic technique that does not sum across individual scores. Survival analytic results provide individual probabilities of threshold crossing (Allison, 1984; Gruber, 1997; Gruber, 1999a ). An 85% threshold crossing value for Percent of Consonants Correct (PCC) may be used to evaluate overall phonological development as a measure of normalization. Normalization has been defined as the behaviors and processes by which speech becomes normally articulate over time ).
The present study addresses five prediction questions:
1. What is the probability that a child with speech delay will normalize by a given age?
2. Given that a child with speech delay is at a certain age, what is the probability of normalizing at a subsequent age?
3. Does the sex of a child with speech delay influence probable age of normalization?
Eighty-five percent PCC is an arbitrary thresholdcrossing criterion chosen to approximate minimally accurate, yet normal, spontaneous, conversational speech production for consonants (cf. Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997a) . Many children with speech-delay achieve an 85% PCC criterion but retain residual distortion errors. In an analysis of error patterns in long-term phonological development, as overall PCC scores approached normalization values, distortions became the dominant error type. Distortions were common for the late developing consonants, but rare for the early and middle developing consonants . Prins (1962) and Snow and Milisen (1954) argued that the omission-substitution-distortion-correct error-class hierarchy is reflective of the severity of a phonological disorder. It follows that the age of normalization of speech sounds may be heavily influenced by distortion errors.
If the outcome criteria operationally defining the notion of normalization are a PCC score of 85%, a Percent of Consonants Correct-Adjusted (PCC-A) score of 85%, and a Percent of Consonants Correct-Revised (PCC-R) score of 85%, or higher, the role of distortions in normalization can be estimated. PCC is the percentage of consonants scored as achieving expected normal adult articulatory targets. Definition, calculation procedures, validity, reliability, and stability information on the PCC metric are found in Shriberg and Kwiatkowski (1982b) . The PCC-A is a measure of severity of involvement (Shriberg, 1994; Shriberg et al., 1997a) . In the calculation of PCC-A, common clinical distortions are considered to be correct. Common clinical distortions are observed in children with delayed speech, in very young children acquiring speech normally, and in older children who exhibit residual errors. The common clinical distortions are (a) labialized, velarized, and derhotacized /r/, /∏± /, and /E±/; (b) labialized and velarized /l/; and (c) dentalized and lateralized /s/, /z/, /S/, /Z/, /tS/, and /dZ/ (Shriberg, 1993, Appendix) . Error classes for PCC-A are restricted to omissions, substitutions, additions, and distortions that are not common clinically.
PCC-R is calculated in the same manner as the PCC, with the exception that all distortions of consonant sounds, including additions, are considered correct. Only omissions and substitutions are counted as errors.
Nested analyses are those in which measures themselves are increasingly constrained from varying along the same dimension (Pedhazur & Pedhazur-Schmelkin, 1991) . Because this relationship pertains to PCC, PCC-A, and PCC-R, with respect to the distortion of speechsounds, a comparison of results constitutes a nested series that makes it possible to address the last two questions:
4. How do the three different definitions of "normalize" influence individual probabilities?
5. What influence do consonant distortions have on age of normalization?
Method Participants
Clinicians from local hospitals, clinics, and the Metropolitan School System in Madison, Wisconsin referred children from 3 to 5 years of age with speech delays of unknown origin. The children's speech errors were sufficiently severe to interfere with intelligibility and to warrant speech services, but were not associated with (a) significant deficits in the structure or function of the speech or hearing mechanisms, (b) significant cognitive deficits, or (c) significant psychosocial dysfunction. All children were native speakers of General American English, and they had not received speech or language therapy. Two children moved from the Madison area before completion of the study. One of these children had been assessed three times, and the resulting data were included in the study. The other child who moved was assessed only twice and was excluded. One child had not completed a third assessment session before analysis commenced. He could not be included. Four children were included who failed to meet the third criterion of having had no prior speech or language therapy. The result was a participant total of 24 children.
To ensure sampling reliability, the current participants were compared on age and sex to previous, similarly acquired samples. The mean age of the current sample at first assessment was 4;11 (SD = 0;11, median = 5;0, range = 2;11-7;3). These figures were in keeping with those reported in five previous studies; the malefemale ratio was 2.4:1 compared to 1.6:1 (Shriberg et al., 1994) , 2.4:1 and 2.7:1 , and 2.8:1 in previous studies (Shriberg & Kwiatkowski, 1982a) .
Comparisons with previous studies were also made on the severity of involvement, using PCC, percentage of canonical forms, and the frequency of consonants intended as measures. Rank-order correlations were all above .90 (Gruber, 1997) .
Procedures
This study is a descriptive secondary analysis of previously collected longitudinal data. The method is Kaplan-Meier (KM) survival analysis for data that are right and interval censored. Calculation of survival, failure, and hazard functions are based on the algorithms in Survival Tools for StatView (1994). Dorey, Little, and Schenker (1993) presented a method for analyzing threshold-crossing data with interval censoring that was modifiable for the present study. They estimated censored intervals by "multiple imputation" (Rubin & Schafer, 1991; Rubin & Schenker, 1987) using midpoints for each interval. Estimates are provided for data that were interval censored, but not for data that were right censored. Right censoring is the equivalent of an interval censor of infinite duration (Finkelstein & Wolfe, 1985) . An imputation assumption is linearity. This procedure can be approximated by leastsquares regression, referred to in this study as "summary regressions." Summary regressions are used to estimate interval-censored data points and to interpolate between probabilities.
Assessment Schedules
Figure 1 is a representation of the chronological age in years for each child for all testing sessions. Initial assessments were completed during an 8-month period. The study spanned a period of 3 years 7 months. The initial assessment battery was administered in two separate 1-hour sessions for all but 3 of the children. Two children required a third session. These were scheduled 1 week after the second. The remaining child was tested in a single session with a 15-minute break after the first hour. An average of 10 days elapsed between the first and second assessment sessions (SD = 5.67 days; range = 2-28 days). All phonological measures were gathered in the first session. One-hour long reassessment sessions were at 6-month intervals (mode = 6 months; range = 6-9 months).
The 13 children, who had normalized as defined by a normal speech acquisition (NSA) designation using the Speech Disorders Classification System (SDCS; cf. Shriberg, 1993; Shriberg, Austin, Lewis, McSweeny, & Wilson, 1997b) after the initial assessment and three subsequent reassessments, were considered normal and were not tested again. The remaining 10 children were reassessed one additional time, for a total of five assessments.
Protocol
The complete protocol for assessing children consisted of 14 tests and tasks (cf. Gruber, 1997; Shriberg, 1986; Shriberg & Kwiatkowski, 1982a . Completion of the protocol required a total of about 2.5 hours. The present study is restricted to data from conversational speech sampling. Only aspects of the protocol that have bearing on the present study are reported here.
All participants underwent a hearing screening at the first session at 15 dB HL in each ear at 500, 1000, 2000, and 4000 Hz, using routine audiometric procedures in a quiet room. Tympanograms and acoustic-reflex thresholds were obtained with all activating signals generated internally by the Grason Stadler 28 Auto Tymp meter. One child failed the screening at first testing and was referred to an associated university clinic. After the insertion of tubes, this child's hearing returned to normal limits, permitting him to be included in the study.
Spontaneous, continuous, conversational speech samples were obtained (Morrison & Shriberg, 1992; Shriberg, 1986; Shriberg & Kwiatkowski, 1983) . By varying topic and materials (Shriberg & Kwiatkowski, 1985) , the examiner's goal was to naturally elicit a minimum of 100 utterances. The conversational speech samples were transcribed (Shriberg, 1986 ) from a dictaphone by a university clinical instructor with 30 years experience in child phonology.
The Arthur Adaptation of the Leiter International Performance Scale was administered at the first assessment session (Arthur, 1952) . None of the children fell more than 1 year behind their chronological age level on this instrument. Receptive language comprehension, as measured by the Peabody Picture Vocabulary TestRevised (PPVT-R; Dunn & Dunn, 1981) placed 21 children above and 3 children below the 15th percentile. Productive language, as indicated by the grammatical morphemes stage in Miller (1981) , placed 16 or 67% of the children as delayed by at least one stage (cf. Shriberg, Kwiatkowski, & Gruber, 1992) .
Reliability
All analyses are based on narrow transcription. Outcome analysis required only approximation to an adult standard on a nominal scale of "correctness." The benefit of doubt concerning correctness was granted to the speaker (Shriberg, 1986) . All reliability calculations used Programs to Examine Phonetic and Phonologic Evaluation Records (PEPPER) procedures (Shriberg, 1986 (Shriberg, , 1993 .
Interjudge reliability was calculated using a random sample of 7 of the 106 conversational speech samples that were independently transcribed by two experienced ASHA-certified clinicians, using procedures for narrow phonetic transcription as described in Shriberg et al. (1982b) and Shriberg, Kwiatkowski, and Hoffmann (1984) . A total of 244 utterances containing a total of 1,044 words and 1,855 consonants (not including /E± / and /∏± /, which were considered vowels) were compared on a point-to-point basis.
For consonants, there was 77.7% agreement in narrow transcription and 89.3% for broad transcription. For vowels, narrow transcription agreement was 74.1%, and agreement for broad transcription was 81.8%. Overall agreement on diacritics was 24.8%. A part of these reliability estimates is reported as Study B in Shriberg and Lof (1991) .
To calculate intrajudge reliability, eight samples of 30 utterances each were randomly selected for narrow retranscription. These 240 utterances were 23% of the utterance total for the samples chosen and 1.49% of the total for all participants at all time periods. The minimum period of elapsed time between the original transcription and the retranscription was 1 year 10 months. The language sample selected contained 922 words and 1,648 consonants. Intrajudge reliability for narrow transcription was 85.1%, and broad transcription was 94.5%. Table 1 is a summary of 85% PCC, PCC-A, and PCC-R event times grouped by sex. For 85% PCC, none of the participants were left-censored or omitted from the analysis because of an insufficient number of tokens for analysis. Three participants were informatively censored. This occurred because testing ceased after five sessions or at the fourth session if the participant normalized by the Speech Disorders Classification System (SDCS) criteria of NSA (Shriberg et al., 1997b) . Because it was possible to achieve the NSA rating below the 85% PCC standard, testing ceased in these three instances before the 85% PCC level of performance was achieved. This occurred because the present study is a secondary analysis.
Results

Censoring
Although there is no satisfactory technique for handling informative censoring, all 3 informatively censored participants were retained for the analysis. The 3 informatively censored children scored 75.8% correct at 66 months, 76.1% at 67 months, and 80.3% at 72 months, respectively, at their fourth testing. All showed either regression or less than 1% improvement since the third test session. The first 2 subjects had improved less than 7% in PCC since their first testing. For this reason it was decided to treat these 3 participants for PCC as though they were right censored. The alternatives would have been to assume they achieved 85% PCC at the next testing or to omit the children from the analysis. Either of these options could shift probabilities upward. Assuming right censoring provided the most conservative estimates.
The number and percent-censored columns in Table  1 refer only to right censoring. There was no left censoring or informative censoring for PCC-A. For PCC-R, one participant was left-censored and therefore omitted from the analysis. This individual is listed under the column headed "number missing." There was no informative censoring for PCC-R.
Sex as a Factor
By grouping the KM PCC data by sex, no significant difference in PCC outcome probabilities between males and females were found by the logrank (MantelCox) test, χ 2 (1, N = 18) =.302, p < .58 (Cox & Oakes, 1984; Kalbfleisch & Prentice, 1980) . For PCC-A, grouping the KM data by sex resulted in no significant difference between outcome probabilities for males and females by the Breslow-Gehan-Wilcoxon test, χ
2
(1, N = 22) = 2.426, p < .12. The Breslow-Gehan-Wilcoxon test was used in this instance because it gives greater weight to outcome times with multiple observations (Cox & Oakes, 1984; Kalbfleisch & Prentice, 1980) . The PCC-A data had three outcomes, one that occurred at 57 months and two that occurred at 76.5 months. Outcomes for PCC-R probabilities for males and females by the logrank (Mantel-Cox) test, χ 2 (1, N = 21) = 1.76, p < .184, also resulted in no significant difference. Since no significant outcome age differences were found for sex, it was eliminated as a factor in subsequent analyses.
Normalization Probabilities and Rates
Probabilities: The Summary Cumulative Failure Functions, F(t) Table 2 contains the summary cumulative functions, F(t), for the general severity measures. In Column 3 of Table 2 , the linear functions apply to the age ranges for probabilities from 0 to 1 as reported in Column 2. A normalization probability for any of the severity measures can be calculated by substituting age (in months) for t (time) in the equations provided, if the age is within the corresponding range. The last two columns in Table 2 provide measures of the goodness-of-fit of the summary linear regressions to the calculated KM probabilities. Traditional KM tables are available as Technical Report 6 on the World Wide Web (http://www.waisman.wisc.edu/ phonology/) and in Gruber (1997) . The KM probabilities are included in the figures that follow. Table 2 (the lines) for all three severity measure outcome ages. The data points shown as unfilled circles, triangles, and filled circles represent the individual KM probabilities for 85% PCC, PCC-A, and PCC-R, respectively. Correspondingly, the solid line, dashed line, and dotted line represent the least-squares summary regression fits. Figure 2 , Panel B, is a transformation of the same data to provide the respective hazard density functions, h(t). The hazard density functions for each severity measure represent the normalization rate per month, conditional on a child not having normalized previously. These were calculated by dividing the number of individuals who normalized at a specific age, f(t), by the cumulative number of individuals failing to normalize by that specific age, S(t). The result is presented on a logarithmic scale.
Because the last data points for all the 85% severity measures used were uncensored, they were omitted before regression. This is necessary because in KM analysis the interval for last data point is open-ended (Collett, 1994, p. 29) . Specious results may therefore appear for these data points. If a last data point had been censored, it would not have been omitted. Information on censored data is accounted for by the estimation of all probabilities through KM procedures. Figure 2 Panel A and in Table 2 suggest a 0% probability of normalizing for 85% PCC in conversational speech up to about 54 months of age. This is to be expected given the sampling criteria that selected participants on the basis of a manifest speech delay from 37 to 48 months of age. Probabilities increased by about 3.3% per month up to 59 months of age, then increased to 8.6% per month for the next 5.5 months. The slower rate of 3.3% then resumed. All children achieved the 85% criterion by 83.2 months of age.
The results in
The ages from 64.6 to 70.6 months reflect a gap in 85% PCC outcomes. Because there were no outcomes at these ages and the slopes of the cumulative summary regression fits were significantly different, the best interpolation for these ages is a straight line indicating an outcome probability of .5912 from 64.6 to 70.6 months of age.
A cost in the analysis presented above is that four parameters (age and probability for two groups) were required to describe the outcome probabilities. A more parsimonious analysis would provide a single linear fit for which only two parameters would be required. The single linear fit alternative (.0326t -1.66; age range 50.92 to 81.95 months) accounted for 90.6% of the variance, whereas the results offered in Table 2 accounted for 99.6% (early-late) and 99.2% (central-ages) of the variance; a 7-9% difference. The standard deviation of the regression residuals (SE) increased to .079 from .027 and .012, with a single regression. Better descriptive accuracy is to be expected under increased parameterization. The risk is overfitting. There was no significant difference between the two and four parameter analyses [Mantel-Cox test, by trend, χ 2 (1, N = 32) = .481, p < .51]. In this application, R 2 is interpreted as a measure of the spread of points about the summary linear regression line(s) and does not refer directly to behavior variance explained. It is an indication of goodness-of-fit to the KM regression-derived probabilities. Provided the regressions are good fits, a better explanatory measure is b (the slope of the summary regression fits), which answers the question, "What is the expected change in normalization probability associated with a monthly change in age?" (cf. Pedhazur & Pedhazur-Schmelkin, 1991; Collett, 1994) .
Are the children represented by the outcomes from about 59 to 65 months of age different from the remaining children (Leonard, 1992; ? The following findings support a four-parameter, affirmative characterization of these children: The division into two groups was not based on a few variant individuals. The central-aged group contained nine uncensored and two censored outcomes; the early-late group contained seven uncensored and six censored outcomes (some outcomes in both groups were ties). The division was based upon a relatively large number of consecutive outcomes that constituted a clear linear trend. If the outcomes had been nonconsecutive, either high variance or characterization by other distributions would have been suggested. The outcome trends for the early-late-aged and the central-aged children were significantly different [Mantel-Cox, by trend, χ 2 (1, N = 16) = 6.845, p < .009]. This is apparent (Figure 2) in Table 2 . Summary normalization functions F(t), derived from regression of Kaplan-Meier outcome probabilities for 85% PCC, PCC-A, and PCC-R. the regression lines crossover within a 6-month period from the age of separation of the groups. This criterion is essential to eliminate the possibility that only a small, chance aggregation of outcome times resulted in an abrupt jump in probabilities. Were this so, the probability level would have been higher, but there would be no difference in trend (cf. the following analysis for PCC-A). The analysis of outcomes separated individuals into groups that manifested different types of speech errors. The groups defined are meaningful by independent criteria (Gruber, 1997) . Finally, the meaningful separation by early-late and central-aged criteria forms a pattern that was also found in other analyses.
Participant group Regression results
Sex
The probability of normalizing by 85% PCC-A criteria was near zero up to 47 months, after which age probabilities increased by just over 3.5% per month. Normalization probabilities approach 1 by 74.5 months of age.
By PCC-A threshold crossing, 3 participants normalized at 57 months. Another normalized at 57.5 months. This created summary function interpretive difficulties, including complicating whether sex was a factor. In small and interval censored samples, should several outcomes be coincident or nearly coincident in time, a jump in outcome probabilities creating a step will occur. By a four-parameter analysis, early and late normalizing children were characterized as having normalization probabilities summarized by the function .0356t -1.74 (R 2 = 99.3, SE = .027). Central ages from 57 to 65 months were characterized by the summary function .0362t -1.64 (R 2 = 98.0, SE = .016).
Two of the 3 participants who normalized at 57 months are twin brothers. It is impossible to determine if the jump in probabilities is representative of the speech delay or if the clustering of outcomes around 57 months is coincidental.
Customary interpretation of outcome probability patterns suggests the pattern is most likely unique and coincidental in this data. The primary interpretive clue is that after the jump in probabilities, the rate of increase remains about the same. This was apparent as the slope of the regression lines for the earlier and later age groups (.0356) is effectively the same as for the centrally aged children (.0362). This meant that the substantive changes in normalization rate occurred only from 56 to 57.5 months and resulted from the scores for only 4 children, of whom 2 are brothers.
It is apparent that the summary two-level function (above) is an incorrect analysis. For the centrally aged children, cumulative normalization probabilities for PCC-A were greater than for PCC-R. In a nested construction that scored more of the data as incorrect for PCC-A, this finding is impossible. Therefore, the bi-level analysis was rejected in favor of a single, two-parameter, linear summary function.
KM analysis for 85% PCC-R was efficiently and unambiguously summarized as a single, linear function. For children matching the study sample, the probability that they will have reached the 85% percent of consonants correct criterion, not counting distortions, was close to zero until about 47.5 months of age when their chances improved by about 3.8% every month until, by projection, all children normalized by 74 months of age.
Rates: The Hazard Functions, h(t)
The cumulative normalization (failure) functions, F(t), reported above are the most useful for clinical application. The hazard density functions, h(t), are of more theoretical interest (Allison, 1984; Collett, 1994) . The PCC conditional normalization rate was less than .05 per month until about 59 months when there was an acceleration of the rate of normalization that was sustained for almost 6 months. This was followed by a gap with no outcomes for a 7-month period starting at about 65 months, despite the fact that 6 children had not yet normalized. Because there was no accumulation of outcomes during this time, the normalization rate remained at about .59 per month (i.e., approximately 1 new child every 9 weeks). Following the steady conditional normalization rate from about 65 to 71 months of age, the rate accelerated exponentially to the age of 83.18 months, after which all children had either normalized or left the study.
The PCC-A hazard function appears exponential. This shows that the forces facilitating normalization (by the 85% PCC-A) were constant throughout the age window examined. As the age approached when all children normalized, the age-specific conditional normalization probability increased exponentially. The PCC-R hazard function was also continuous and approximately exponential.
A Comparison of PCC, PCC-A, and PCC-R Analyses
In Panel A of Figure 2 , the cumulative normalization functions show that normalization probabilities occur at the earliest ages for 85% PCC-R and PCC-A followed by 85% PCC. This is a necessary outcome, because distortions are free to vary for PCC, but are considered correct for PCC-R. For PCC-A only uncommon clinical distortions are free to vary. Because the differences in slope and constant were slight between PCC-A and PCC-R, these uniform linear functions were negligibly different. This indicated that the distortions not commonly seen in clinics had minimal bearing upon normalization. In contrast, when the common clinical distortions were permitted to vary, as in the PCC line, they appeared to be responsible for a normalization delay at the 85% level from approximately 6 months before age 5 to as much as 10 months a year later. For a brief period of about 5 months, an abrupt increase in correction of common clinical distortions was responsible for an increased rate of normalization probability. This was followed by another 6-month period in which there was a flattening of the normalization rate.
The plateau in normalization is better analyzed by the hazard function. In Panel B of Figure 2 , the 85% PCC-A and PCC-R functions are parallel and nearly coincident at the youngest ages. The (dotted) PCC-R characterization showed that the maximum normalization force occurred as much as 1.2 months before the (dashed) PCC-A as the functions showed increasing acceleration. The slight differences between PCC-A and PCC-R were due to small amounts of correction of clinically uncommon distortions. The PCC function deviated from a parallel course with PCC-R and PCC-A dramatically from about 5 to 6 years of age when normalization forces accelerated to a second parallel course with a higher base rate of acceleration for about 6 months, then decelerated to resume the previous, slower parallel course. The differences between PCC and PCC-A were due to common clinical distortions. The common clinical distortions corrected for a cluster of children from 59 to 64.6 months of age, but not for others. The children who had not normalized were delayed in overall normalization probabilities by 8 to 9 months.
The PCC-A and PCC-R normalization force h(t) can be described as an integer power function (bt + c) -n , where n is restricted to 1. PCC is the composite of two independent integer power functions. This was confirmed by inspection of individual speech profiles for each of the 24 participants. None of the participants normalizing after 65 months showed decreases in absolute or relative distortions just prior to crossing the 85% threshold. Two of the 3 children who normalized before 60 months (the early group) also experienced decreases in distortions accompanying their normalization. Distortions increased for the 3rd. At these times, given the number of participants, probabilities were so small they could not be statistically distinguished (cf. Gruber, 1997, Appendix E) . Figure 3 is a representation of the proposed theoretical trajectories. The dotted (Path A) and the dashed (Path B) curves connect to the solid line (data regression line), which represents conditional probabilities based upon threshold-crossing observations. Figure 3 demonstrates that the increased slope reflects the aggregation of outcomes between 60 and 65 months for 5 of the 9 children who normalized within this period due to substantive reductions in absolute distortions (Path A). By contrast, the children whose outcomes followed the dashed projection, and the remaining 4 children, showed increases in absolute and relative distortions just before normalizing (Path B). Therefore, the regressions accurately reflected the conditional normalization ages of two outcome clusters of children, on the basis of increasing or decreasing distortions. However, within each cluster, participants were heterogeneous in their production of specific distortion types.
Discussion Two Paths to Normalization
The present analysis provides strong evidence that there are at least two distinct paths to normalization by the 85% PCC threshold-crossing criterion. The early and central-aged children were found heterogeneous, with respect to whether common clinical distortions increased or declined just prior to normalization. They were classed in these periods because of outcome density by age.
The finding that there are two normalization paths is not predictive. It was not possible until the interval during which normalization occurred to determine which child would follow which normalization path. Ideally, more accurate outcome probabilities would be calculated by identifying predictive factors and removing major sources of heterogeneity from the analysis, but it was not possible to separate the two groups post hoc because not all children normalized. We could not know which type would characterize the children who were right censored (Mayer & Tuma, 1990) . analyzed the long-term normalization of 10 children with speech delay. Among their conclusions was that, based upon mean PCC measures, more rapid gains were experienced from 4;0 to 6;0 years of age and again from 7;0 to 8;6. There was a plateau in development from 6;0 to 7;0 and after 8;6. The present study, using an 85% PCC threshold for normalization found a marked increase in normalization probabilities from about 4;11 to 5;5 followed by a flattening of normalization probabilities from 5;6 to 5;11. The 6-month period when normalization probabilities were depressed in the present study, beginning at 5;5, and the year-long corresponding growth plateau beginning at about 6;0 in the previous study are likely to be reflections of the same underlying factors. The periods of accelerated and decelerated acquisition rates are different summations of a subset of children showing a 6-month period of rapid normalization of distortions beginning just before 5;0. Once these children corrected their distortions, the overall developmental pattern resumed its original trajectory, creating the impression of a plateau in normalization, because in scores were averaged across both groups. This can be seen in the solid line in Figure 2 , Panel B. This panel is a presentation of hazard plots for 85% PCC.
Periods of Slow Growth and Rapid Gain
Long-Term and Short-Term Normalization
Short-term speech-sound normalization is the acquisition of developmentally appropriate speech by 6 years of age (Shriberg, 1993 (Shriberg, , 1994 . This group corresponds to the dotted hazard function in Figure 3 , which projects normalization by 70 months. Long-term speechsound normalization is defined by Shriberg (1994) as occurring anytime after 6 years of age and usually before 9 years of age. This group corresponds to the dashed projection line, although here normalization is projected to occur by 7 years of age (84 months), possibly because the current study terminated at that age. Because normalization as defined by 85% PCC follows the path of the dashed line, it may occur at any age, although normalization would be rare before 6 years of age. Shriberg (1994) found that some of the children in both the short-term and long-term normalization groups will retain residual errors. The present analysis suggests that short-term normalization occurs because of a reduction in residual errors just prior to normalization.
Residual Errors
For many long-term normalizers, distortions increase in both absolute and relative terms just prior to normalization. Therefore, long-term normalizers are more likely to produce residual errors than short-term normalizers. The short-term group appears to improve in their speech productions across all error types. Longterm normalizers reduced the number of errors of omission and substitution, but increased the number of errors of distortion. The children were indistinguishable until normalization was well underway.
Sex
In all the analyses, age of normalization was independent of sex. There were no significant differences in age of outcome. This suggests that (a) during the age ranges of this study (about 30-80 months) prevalence by sex at each age must be approximately constant, and (b) any prevalence differences by sex must originate at some earlier age. If there is no difference in time to normalization between boys and girls, yet more boys than girls have delayed speech, then more boys must be significantly delayed at some earlier age. About twice as many females as males must normalize before 3 years of age to account for a 2:1 male to female prevalence ratio. Based on 85% threshold crossing cumulative volume, the difference in age between males and females in terms of speech delay would have to be about 1.6 years before about 3;0.
Other interpretations are possible. Outcome age differences between the sexes were present but were not large enough for statistical significance, given the small sample analyzed. Consistent ascertainment error may be responsible for the prevalence differences commonly reported. Two sources of ascertainment error are likely. One, there may exist a bias in sampling. Most prevalence estimates for speech delay are based upon children referred to university studies from outside sources. This practice is known to be a high risk for a number of kinds of bias (cf. Shaywitz, Shaywitz, Fletcher, & Escobar, 1990) . For children with speech delays of the same severity, referral agents would need to be at least twice as likely to both identify and to refer boys. Bias of this magnitude may operate in referral-based studies (Tomblin, 1991 (Tomblin, , 1996 . In a preliminary report from a larger, stratified sample of children examined to determine the epidemiology of language disorders, there were no sex differences in the prevalence of phonological disorders. Two, the current sample may have confounded children with other disorders that include speech delay as a symptom with more purely speech-delayed children. For example, the instruments used in the current protocol may not have eliminated children with borderline to mild retardation, which has a sex ratio of about 4 boys for each girl (American Psychiatric Association, 1994) .
Clinical Use of the Summary Normalization Functions
In clinical decision models that rely on survival analysis, misestimation bias (outcome ages may be biased even if probability estimates are unbiased) increases with age, censoring percentage, and as the number of outcomes decreases (Kuntz & Weinstein, 1995) . Misspecification bias occurs when different, but appropriate, models applied to the data result in different predictions. Results from the present study may be subject to both of these sources of bias. How valid the summary estimates are to actual normalization probabilities and ages of normalization for children with speech delay in a given clinical setting is unknown. An argument that the present results are convergent with prior normative studies is presented in Gruber (1999b) .
Results from the present study are a first approximation of normalization probabilities. Clinical application of the probabilities and principles reported in this study should be limited to verification by comparison with clinical records and ongoing cases. It would not be appropriate to use these preliminary results clinically or administratively. Replication, verification, and further refinement of these results are needed.
